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DIETS  OF  MULE  DEER,  PRONGHORN  ANTELOPE, 

CALIFORNIA  BIGHORN  SHEEP,  DOMESTIC  CATTLE  AND 

FERAL  HORSES,  IN  NORTHWESTERN  NEVADA 

The  Sheldon  National  Wildlife  Refuge  (SNWR)  in  northwestern  Nevada 
was  originally  established  to  protect  rangelands  important  to  the 
pronghom  antelope  (Antilocapra  americana).   In  addition,  the  area  is 
presently  managed  for  2  other  endemic  big  game  animals,  mule  deer 
(Odocoileus  hemionus )  and  California  bighorn  sheep  (Ovis  canadensis 
calif omiana) ,  and  2  exotic  ungulates ,  feral  horses  (Equus  caballus ) 
and  domestic  cattle  (Bos  taurus). 

One  prerequisite  for  managing  a  rangeland  for  more  than  1 
herbivore  is  a  thorough  knowledge  of  the  seasonal  diets  of  each 
species  inhabiting  the  range.   Only  through  knowledge  of  the  feeding 
habits  of  each  animal  species  can  range  utilization  and  range 
condition  and  trend  information  be  accurately  interpreted,  or  proper 
forage  quantities  be  allocated.   The  objective  of  this  study  was  to 
determine  year-round  diets  for  all  5  ungulates  present  in  the  study 
area. 

Field  work  for  this  project  took  place  between  July  1979  and  June 
1980.   It  was  conducted  as  an  accessory  project  in  conjunction  with  a 
status  and  habitat  preference  project  on  the  bighorn  sheep,  resident 
on  SNWR  (Hansen  1982). 

While  the  majority  of  the  funding  of  this  project  was  provided  by 
the. U.S.  Fish  and  Wildlife  Service  several  other  organizations  also 


provided  financial  support,  including  The  National  Rifle  Association, 
The  Foundation  for  North  American  Wild  Sheep,  Wild  Horse  Organized 
Assitance,  and  the  Oregon  State  Agricultural  Experiment  Station. 

STUDY  AREA 

The  study  area  included  Goocfa  Table,  upper  Virgin  Valley,  western 
Rock  Spring  Table,  Alkali  Canyon,  Devaney  Peak,  the  Fish  Creek 
Mountains,  and  all  intervening  areas;  however,  the  majority  of  the 
study  was  conducted  in  the  Hell  Creek  Basin  (Figure  1).  The  area  was 
typified  by  extensive  tables  of  volcanic  origin  cut  by  several 
watercourses,  many  of  which  were  intermittent.  Elevation  varied  from 
1580  m  to  2010  m.  Extensive  cliffs  bordered  some  of  the  watercourses, 
while  low  rimrock  was  found  at  the  upper  edges  of  the  tables. 

The  area  was  arid,  with  precipitation  occurring  principally  as 
thunderstorms  from  late  spring  to  early  fall,  and  as  snow  during  the 
balance  of  the  year.  For  the  period  1968  to  1979,  precipitation 
ranged  between  13.5  and  28.6  cm  annually,  and  averaged  20.1  cm  (U.S. 
Weather  Bureau  1968-79).  Average  daily  temperatures  varied  between  -3 
C  in  January  and  21  C  in  July. 

SNWR  lay  within  the  High  Desert  Resource  Province  (Anderson  1973). 
The  vegetation  consisted  principally  of  sagebrush  (Artemisia  spp.) 
communities  with  an  understory  of  bunchgrasses  and  forbs.   Several 
deciduous  woody  species  including  quaking  aspen  (Populus  tremuloides ) , 
willow  (Salix  spp. ) ,  and  chokecherry  (Prunus  virginiana) ,  were  found 
near  permanent  water.   Curlleaf  mountain  mahogany  (Cercocarpus 
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Figure  1,   Study  area  including:   300  foot  contour  lines  (- ') ,  springs  (?) ,  drainages  C^'"^) , 

roads  (''°'"*),  enclosure  fence  (jHi^-^)  ,    and  outer  limits  of  sheep  use  ('——"). 


ledifolius)  occurred  on  rocky  areas  at  higher  elevations.  Anderson 
(1978)  gave  descriptions  of  the  plant  communities  found  on  SNWR  under 
pristine  conditions. 

MATERIALS  AND  METHODS 

Determination  of  dietary  components  was  done  by  micro-histological 
analysis  of  fecal  samples  at  the  Food  Habits  Laboratory,  Texas  Tech 
University.  Fecal  samples  were  collected  approximately  at  2  week 
intervals  between  July  1979  and  June  1980.  Twenty  samples  from  each 
month  represented  the  diet  for  each  herbivore  species  except  bighorn. 
Thirty  samples,  roughly  15  each  from  the  ewe/lamb  and  ram  bands, 
represented  the  bighorn  sheep  diet  each  month.  Two  exceptions  to  this 
sampling  scheme  occurred  in  fall  and  winter.  Cattle  were  removed  from 
the  range  for  the  winter,  consequently  no  samples  were  available  from 
January  to  April.   In  addition,  the  Ifovember  and  December  samples  were 
from  a  small  number  of  trespass  cattle  in  upper  Virgin  Valley.  The 
second  exception  involved  bighorn  sheep  and  occurred  between  October 
and  February.  During  these  months,  the  rams  moved  from  their  primary 
range  in  Virgin  Canyon  to  join  the  ewes  in  Hell  Creek  for  the  rut,  and 
all  30  samples  were  collected  from  large  groups  with  a  preponderance 
of  ewes. 

Each  sample  consisted  of  approximately  80  ml  of  fecal  material 
collected  from  a  single  fecal  deposit.   All  samples  were  preserved  in 
a  solution  of  70Z  ethanol.  Most  samples  were  located  following  direct 
observation  of  animals.   Other  characteristics  used  in  identification 
of  feces  included,  associated  tracks,  type  of  habitat  where  found. 


external  visual  characteristics,  and  odor.   Only  when  3  or  more 
identification  characteristics  were  available,  and  all  agreed,  were 
feces  used  as  sanqjles.  Most  samples  were  shipped  to  the  lab  within  1 
month  of  collection,  but  some,  particularly  those  from  antelope  and 
horse,  were  stored  in  ethanol  for  up  to  2  years  before  laboratory 
analysis  while  awaiting  funding. 

The  plant  reference  set  consisted  of  160  specimens  collected  on 
the  study  area:  29  grass  and  grass-likes,  108  forbs,  and  23  shrubs. 
The  initial  set  included  120  specimens.  An  additional  40  forbs  were 
included  after  the  spring  of  1980,  when  they  became  available. 
Therefore,  only  the  antelope  and  horse  samples,  and  the  deer,  sheep, 
and  cattle  samples  from  April  to  June  were  analyzed  using  the  entire 
160  specimen  reference  set. 

Analyses  at  the  Food  Habits  Lab  were  similar  to  those  of  Sparks 
and  Malechek  (1968),  and  involved  inspection  of  20  microscope  fields 
per  sample  for  frequency  of  occurrence.   Frequency  was  then  converted 
to  relative  density  by  the  foirmula  derived  by  Fracker  and  Brischle 
(1944). 

In  compiling  the  data,  seasons  were  determined  on  the  basis  of 
plant  phenology  for  the  SNWR,  and  thus  did  not  follow  calendar  seasons 
or  constitute  equal  time  periods.   July,  August,  and  September  were 
considered  summer.   Fall  included  October  and  November.   December, 
January,  February,  and  March  constituted  winter.   And  April,  May,  and 
June  were  spring. 

Dietary  breadth  was  calculated  by  the  Shannon-Wiener  formula 
(Shannon  and  Weaver  1949),  while  dietary  overlap  was  calculated  by  the 
Bray-Curtis  index  (Bray  and  Curtis  1957). 


RESULTS 

MULE  DEER 

The  annual  diet  of  mule  deer  was  predominantly  browse  (50%),  with 
a  large  proportion  of  forba  (39%),  and  little  grass  (7%)  (Figure  2). 
This  pattern  held  throughout  the  year  with  slight  seasonal  shifts. 
Grass  use  was  greatest  in  November  (18%)  and  March  (19%),  and  was 
associated  with  fall  and  spring  "green-up"  of  several  species 
(Appendix  A-1).  Forb  use  was  greatest  in  June  (55%),  but  remained 
high  (x   »  46%)  throughout  spring,  summer,  and  fall,  and  dropped 
following  the  first  snows  in  December  to  a  low  in  winter  (26%). 
Browse  use  was  greatest  in  December  (71%),  when  snow  cover  probably 
reduced  the  availability  of  low  growing  herbaceous  species,  and  forced 
animals  down  in  elevation  to  communities  in  poor  ecological  condition 
and  which  supported  lesser  quantities  of  herbaceous  species.   Shrub 
use  declined  gradually  through  winter  and  spring  to  a  low  in  June 
(38%),  after  which  increased  use  of  bitterbrush  (Purshia  tridentata) 
(Figure  3)  increased  overall  browse  use  during  August  and  September. 
A  second  low  in  shrub  use  occurred  in  November  (36%). 

The  high  use  of  bitterbrush  in  late  summer  occurred  at  a  time  when 
crude  protein  for  this  plant  was  highest  (Bissel  and  Strong  1955). 
Reduced  use  of  bitterbrush  during  the  remainder  of  the  year  was 
probably  related  to  its  low  crude  protein  levels  (Bissel  and  Strong 
1955),  and  low  digestibility  (Dietz  et.  al.  1962,  Ward  1971).  The 
most  important  shrub  species  for  mule  deer,  especially  in  spring,  was 
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Figure  2.   Monthly  diets  of  mule  deer  by  forage  class  on  Sheldon 
National  Wildlife  Refuge,  July  1979  to  June  1980. 
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Figure  3,   Monthly  variation  in  browse  utilization  by  mule  deer  on 

Sheldon  National  Wildlife  Refuge,  July  1979  to  June  1980. 


low  sagebrush  (Artemisia  arbuscula)  (20%  of  the  annual  diet,  39%  of 
the  browse  forage  class).  Big  sagebrush  (A.  tridentata)  (15%  of  all 
browse)  and  curlleaf  mountain  mahogany  (13%  of  all  browse)  were  also 
major  (>5%  of  annual  diet)  forage  species,  particularly  during  summer, 
fall,  and  winter  (Table  1).  Willow  and  snowberry  (Symphoricarpos 
spp.)  were  used  during  January  and  May,  respectively.   In  all,  12 
genera  and  at  least  10  species  of  browse  appeared  in  mule  deer  diets 
on  SNWR. 

Two  forbs  were  the  only  other  major  use  plants  for  deer,  fleabane 
(Erigeron  spp.)  (7%)  and  rockcress  (Arabis  spp.)  (7%).  While  36 
genera  and  at  least  36  species  of  forbs  appeared  in  the  diets  of  mule 
deer,  only  10  taxa  occurred  in  more  than  trace  quantities  (Appendix 
A-1).  Deer  ate  12  genera  and  at  least  11  species  of  grass  and 
grass-likes,  but  only  2  occurred  in  more  than  trace  amounts. 

PRONGHGEN  ANTELOPE 

Pronghom  antelope  annual  diets  consisted  of  nearly  equal 
proportions  of  forbs  (46%)  and  browse  (45%)  (Figure  4),  with  a  slight 
tendency  toward  more  forbs  in  spring  (52%),  and  more  browse  in  summer 
(48%)  and  fall  (54%).  Grasses,  11%  of  the  winter  diet,  increased  in 
use  through  the  winter  to  a  high  of  20%  in  March,  but  were  used  little 
(<5%)  during  the  remainder  of  the  year  (Appendix  A-2). 

Three  shrubs,  low  sagebrush,  big  sagebrush,  and  bitterbrush, 
together  made  up  91%  of  the  browse  in  the  annual  diet  of  pronghom  on 
SNWR  (Figure  5).   While  these  shrubs  were  each  used  to  some  extent 
throughout  the  year,  only  low  sagebrush  was  consistently  more  than  15% 


10 


Table  1.  Major  plant  species  (>  5%)  found  in  annual  diets  of  5 
ungulates  on  Sheldon  National  Wildlife  Sefuge,  1979-80. 


Species 

Mule 
Deer 

Prongfaom 
Antelope 

Bighorn 
Sheep 

Domestic 
Cattle 

Feral 
Horse 

Agropyron  spicatum 

24 

Elymus  cincereua 

7 

Festuca  idahoensis 

9 

20 

Hordeum  jubatum 

7 

Koeleria  nitida 

5 

6 

Poa  sandbergii 

6 

Stipa  thurberiana 

,1- 

«a«e 

J_ 

20 

32 

Sum 

21 

53 

69 

TOTAL  GRASSES 

7 

5 

42 

36 

86 

Arabia  cobrensis 

6 

6 

6 

Erigeron  spp. 

7 

11 

8 

Lupinus  lepidus 

„„_ 

— 

^ 

Sum 

13 

17 

14 

6 

TOTAL  FORBS 

39 

46 

40 

U 

12 

Artemisia  arbuscula  20 

Artemisia  tridentata  7 

Cercocarpus  ledlfolius  6 

Purshia  tridentata  _1£ 

Sum  43 

TOTAL  SHRUBS  50 


23 
6 

n 

40 

45 


7 

14 
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Figure   4.   Monthly  diets  of  pronghorn  antelope  by  forage  class,  on 
Sheldon  National  Wildlife  Refuge,  July  1979  to  June  1980. 
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Figure  5.   Monthly  variation  In  browse  utilization  by  pronghorn 

antelope  on  Sheldon  National  Wildlife  Refuge,  July  1979  to 
June  1980. 
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of  the  browse  forage  class.   Low  sagebrush  was  used  least  in  summer 
(20%  of  all  browse).  Like  deer,  antelope  during  summer  shifted  their 
browse  consumption  to  bitterbrush  (61%  of  all  browse)  to  take 
advantage  of  this  species  when  its  crude  protein  levels  were  highest. 
Big  sagebrush  was  used  most  in  November  and  December  (27  and  49%  of 
all  browse,  respectively),  when  the  animals  were  moving  to  their 
winter  range  and  dealing  with  accumulated  snow.  Ten  genera  and  at 
least  9  browse  species  were  found  in  pronghorn  diets. 

The  only  other  major  use  species  were  the  same  forfas  used  by  deer, 
fleabane  (11%)  and  rockcress  (6%).  Both  plants  were  used  consistently 
through  the  year,  but  fleabane  use  was  much  higher  in  spring, 
especially  May  (42%).  Thirty-six  genera  and  at  least  36  species  of 
forbs  appeared  in  the  antelope  diets.   Several  grasses,  11  genera  and 
at  least  9  species,  appeared  in  antelope  diets,  particularly  in 
winter.  Junegrass  (Koeleria  nitida)  (1%)  and  Indian  ricegrass 
(Oryzopsis  hymenoides )  (T)  were  the  primary  species. 

BIGHORN  SHEEP 

The  diets  of  bighorn  sheep,  unlike  the  other  animals,  included 
major  use  species  in  all  3  forage  classes  (Table  1).   Sheep  ate 
primarily  grasses  (42%)  and  forbs  (40%)  (Figure  6).  However,  use 
shifted  markedly  between  these  forage  classes  on  a  seasonal  basis. 
When  "green-up"  began  in  spring,  use  shifted  heavily  to  forbs  (75%) 
(Appendix  A-3).   Forb  use  gradually  declined  through  summer  (49%),  to 
a  low  in  fall  (17%)  and  winter  (19%).   Grass  use  was  inversely  related 
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Figure  6.   Monthly  diets  of  bighorn  sheep  by  forage  class ^  on  Sheldon 
National  Wildlife  Refuge,  July  1979  to  June  1980, 
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to  forb  use,  and  was  lowest  in  spring  (12%),  increased  through  summer 
(30Z)  to  highs  in  fall  (70%)  and  winter  (62%).   Browse  use  was  noted 
throughout  the  year,  with  highs  in  August  (19%)  and  September  (20%) 
which  may  have  been  associated  with  peak  crude  protein  levels  in  these 
plants,  and  in  December  (22%)  which  was  probably  associated  with  snow 
covering  herbaceous  plants.  Heavy  forb  use  in  spring  was  probably 
associated  with  high  protein  and  energy  levels  in  early  phenological 
stages  of  these  plants.   Sheep  relied  heavily  on  grasses  for  winter 
maintenance. 

Three  grasses  consistuted  major  use  species ,  Idaho  fescue  (Festuca 
idahoensis )  (9%),  Thurber's  needlegrass  (Stipa  thurberiana)  (7%),  and 
Junegrass  (5%).   In  all,  17  genera  and  at  least  16  speciesof  grasses 
were  found  in  bighorn  diets.   Sheep  ate  a  greater  variety  of  forbs 
than  any  of  the  other  animals,  45  genera  and  at  least  55  species  but 
like  both  deer  and  antelope,  fleabane  (8%)  and  rockcress  (6%) 
constituted  the  only  major  use  forb  species.  Both  were  used 
consistently  throughout  the  year,  but  fleabane  was  used  most  in 
spring  (18%),  while  rockcress  was  used  most  in  summer  (12%), 
especially  July  (22%).   Several  browse  species,  9  genera  and  at  least 
9  species,  were  used  throughout  the  year,  but  only  low  sagebrush  was  a 
major  use  species  (7%),  and  it  was  used  most  during  winter  (10%).  The 
diets  of  bighorn  sheep  included  a  greater  number  of  plants  than  did 
those  of  the  other  4  ungulates,  70  genera  and  at  least  80  species. 

DOMESTIC  CATTLE 

Cattle  primarily  ate  grasses  while  on  the  rangelands,  between  May 
and  December  (86%)  (Figure  7).   Forb  use  averaged  11%  during  this 
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Figure  7.   Monthly  diets  of  domestic  cattle  by  forage  class »  on 

Sheldon  National  Wildlife  Refuge,  July  1979  to  June  1980. 
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period,  but  increased  in  late  spring-early  summer  to  a  high  in  July  of 
20%  (Appendix  A-4).  Very  little  browse  (1%)  was  used  by  cattle  during 
these  months. 

Four  plants  constituted  major  use  species  for  cattle  (Table  1). 
All  4  were  grasses,  Thurber's  needlegrass  (20%),  Idaho  fescue  (20%), 
Great  Basin  wildrye,  (Elymus  cinereus),  (7%),  and  Junegrass  (6%).  A 
tendency  was  noted  for  cattle  to  eat  fine-leaved  grasses,  such  as  the 
needlegrass  and  fescue,  during  all  seasons,  but  especially  spring  and 
summer,  and  to  increase  intake  of  coarser  grasses,  such  as  the 
wildrye,  Junegrass,  and  bluebunch  wheatgrass  (Agropyron  spicatum) , 
during  fall  and  winter.   In  all,  cattle  used  18  genera  and  at  least  17 

f 

species  of  grasses. 

Of  the  24  genera  and  at  least  22  species  of  forbs  eaten  by  cattle, 
none  were  considered  major  use  species.   The  4  forbs  taken  in  more 
than  trace  amounts  were  all  used  consistently  by  the  3  big  game 
species,  and  2  of  these  were  fleabane  and  rockcress.  Browse  consumed 
by  cattle  included  5  genera  and  at  least  4  species. 

FERAL  HORSE 

Grasses  made  up  the  bulk  (86%  annually)  of  feral  horse  diets 
(Figure  8),  particularly  from  November  to  April  (x"  =  96%)  (Appendix 
A-5).   During  late  spring  and  early  summer,  forb  use  increased  to  a 
maximum  in  July  (44%).   Feral  horses  used  browse  sporadically  in  very 
small  amounts  (<3%)  throughout  the  year. 

Four  of  the  5  major  use  plants  for  horses  were  grasses;  Thurber's 
needlegrass  (32%),  bluebunch  wheatgrass  (24%),  foxtail  barley  (Hordeum 
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Figure  8.   Monthly  diets  of  feral  horses  by  forage  classj  on  Sheldon 
National  Wildlife  Refuge,  July  1979  to  June  1980. 
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jubatum)  (7%),  and  Sandberg's  bluegrass  (Poa  sandbergll)  (6%). 
Thurber's  needlegrass  and  bluebunch  wheatgrass  were  the  staples  of 
horse  diets,  the  former  particularly  so  during  winter  (43%)  and  the 
latter  in  fall  (43Z).  However,  feral  horses  ate  a  large  variety  of 
other  grasses,  19  genera  and  at  least  26  species. 

The  fifth  major  use  plant  for  feral  horses  was  a  forb,  prairie 
lupine  (Lupinus  lepidus)  (6%).   Prairie  lupine  was  almost  exclusively 
used  in  the  spring  and  summer,  with  greatest  use  in  July  (20%).   In 
all,  horses  consumed  forbs  from  27  genera  and  at  least  30  species, 
most  of  which  also  occurred  in  the  diets  of  the  other  4  ungulates. 
Six  genera  and  7  species  of  shrubs  also  appeared  in  horse  diets. 

DISCUSSION 

Several  sources  of  potential  bias  in  the  results  existed  including 
the  previously  noted  long  storage  time  for  some  samples,  and  the 
addition  of  40  forb  specimens  to  the  reference  set  late  in  the  lab 
analyses.  A  change  of  technical  personnel  at  the  lab  resulted  in 
identification  to  species  level  of  some  taxa  which  previously  had  been 
lumped  at  the  genus  level.   The  problem  of  comparability  of  genus  and 
species  level  taxa  was  handled  by  deleting  all  such  taxa  from 
calculations  of  dietary  breadth  and  overlap.   Generally,  the  apparent 
breadth  or  overlap,  as  displayed  in  the  tables,  was  reduced  by  this 
procedure. 

A  further  bias  which  should  be  recognized  in  interpretation  of 
these  data  is  the  differential  digestibility  of  plant  species  and 
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forage  classes.  The  amount  of  a  plant  present  in  the  feces  of  an 
herbivore  is  dependent  on  the  amount  eaten,  and  the  amount  removed 
through  digestion.  Factors  affecting  the  proportion  of  a  plant  which 
is  digested  include  forage  succulence  and  chemical  composition, 
various  micro-histological  structural  characteristics j  type  of 
digestion  apparatus  (ie. ,  ceacal  vs.  ruminant),  rumen  volume,  and 
rate  of  passage  through  the  gut.  Although  most  of  these  factors  have 
been  addressed  in  several  studies,  the  number  of  variables  generally 
precludes  use  of  correction  factors  to  adjust  specific  data  sets. 
However, "the  general  effects  of  these  factors  should  be  considered  in 
interpreting  these  data. 

As  a  result  of  differential  digestibility,  most  forbs  are 
under-represented  in  fecal  analysis  data,  although  great  variability 
exists  between  species.   Similarly,  green  forage  of  all  types  is 
usually  digested  more  completely  Chan  dry  forage.  Some  plants  contain 
structures  or  chemical  compounds,  such  as  thick,  lignified  cell  walls 
or  monotarpenoids,  which  taay  inhibit  their  digestion  (Welch  and 
Pederson  1981),  thus  increasing  their  relative  presence  in  the  feces. 
Type  of  digestion  apparatus  and  rumen  volune  are  constants  for  each 
animal  species,  but  may  affect  between  species  comparisons.  Rate  of 
passage  through  the  gut  nay  vary  seasonally,  and  is  dependent  on  both 
plant  succulence  and  animal  physiology. 

DISTART  BREADTH 

Dietary  breadth  is  a  measure  of  the  variety  of  foods  in  an 
animal's  diet.   As  calculated  here  (B. '  -  "I  p.,  log  p..,  where  p..  is 
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the  proportion  of  food  item  "j"in  the  diet  of  animal  "i")  (Shannon 
and  Weaver  1949) ,  it  is  affected  by  both  the  number  of  plant  species 
eaten  and  the  amount  of  each  eaten.   It  reached  its  maximum  value  of 
2.0  when  all  100  plant  species  identified  in  the  diets  of  these  5 
animals  were  eaten  in  equal  amounts.   A  minimum  of  0.0  resulted  when 
an  animal's  diet  consisted  of  only  1  plant  species.  Monthly  values  in 
this  study  ranged  from  0.5  for  horses  in  November  to  1.4  for  bighorn 
in  May  (Appendix  B). 

Only  those  plant  taxa  which  were  identified  to  the  species  level 
were  used  in  these  calculations.   The  inclusion  of  taxa  at  the  genus 
level  would  have  increased  each  calculated  annual  value  by 
approximately  0.1.   On  an  annual  basis,  bighorn  sheep  diets  exhibited 
the  greatest  breadth  (1.5),  followed  by  mule  deer  (1.3),  pronghorn 
antelope  (1.2),  domestic  cattle  (1.1),  and  feral  horses  (1.0).  A 
ranking  of  these  animals  by  number  of  genera  included  in  the  diet  was 
similar  to  the  ranking  by  breadth,  with  the  exception  that  feral 
horses  ate  plants  from  5  more  genera  than  did  domestic  cattle,  thereby 
ranking  fourth.   However,  horses  ate  only  a  few  plants  in  any 
quantity. 

It  was  apparent  that  the  3  wildlife  species  selected  their  forage 
from  a  much  broader  range  of  the  available  forage  plants  than  did  the 
2  exotic  species.  The  selection  of  a  broad  range  of  plants  as  forage 
by  the  3  wildlife  species  reflected  a  heavy  use  of  the  forb  forage 
class,  which  contained  the  greatest  variety  of  species,  but  was 
usually  found  in  the  lowest  quantities  (Table  2).  Heavy  use  of  forbs 
by  the  3  wildlife  species  probably  reflected  their  need  for  forage 
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with  relatively  higher  nutritive  qiiality,  due  to  smaller  body  size 
(Jarman  and  Sinclair  1979:134),  than  that  required  by  the  cattle  and 
horses. 

DIETARY  OVEBLAP 

Dietary  overlap,  or  similarity,  measures  the  amount  of  the  diets 
of  2  animals  which  consist  of  the  same  foods.   The  formula  used  here 
(S  =•  E  2W/Z  A  +B  .  where  A  is  the  proportion  of  food  item  "i"  in  the 
diet  of  the  first  animal,  and  B  is  the  proportion  of  food  item  "i"  in 
the  diet  of  the  second  animal,  and  W  is  the  difference  between  A  and 
B,  Bray  and  Curtis  1957)  was  used  to  calculate  similarity  of  the 
entire  diets  of  a  particular  pair  of  animals.  Overlap  was  100  when  2 
animal's  diets  consisted  of  exactly  the  same  proportions  of  the  same 
plant  species,  and  0  when  the  2  animals  ate  none  of  the  same  plants. 
Monthly  values  of  this  index  ranged  from  1  for  deer  and  horses  in 
December  to  72  for  bighorn  and  cattle  in  November  (Appendix  C) . 

As  with  dietary  breadth  these  calculations  included  only  those 
taxa  which  were  identified  to  species.  The  inclusion  of  genera  would 
have  required  the  assumption  that  all  animals  consumed  the  same 
proportions  of  species  within  each  genus,  which,  while  likely  in  many 
cases,  could  not  be  verified  by  the  lab.  The  only  genera  which  would 
have  substantially  changed  (difference  >  5)  the  resulting  values  by 
their  inclusion,  were  the  fleabanes  and  the  wheatgrasses  (Agropyron 
spp.).   Inclusion  of  the  fleabanes  would  have  increased  the  overlap 
values  of  sheep  diets  with  those  of  antelope  and  deer  on  a  monthly 
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basis  during  the  spring  months.   Inclusion  of  the  wheatgrasses  would 
have  slightly  decreased  the  overlap  values  of  horse  diets  with  those 
of  cattle  and  bighorn  during  the  fall  and  late  summer.  Overlap  of 
diets  calculated  on  an  annual  basis  (Table  2)  was  generally  greater 
than  the  mean  of  all  monthly  overlaps,  and  reflected  the  common  use  of 
some  plants  by  2  animals  during  different  months. 

Of  all  possible  ungulate  pairs,  the  diets  of  mule  deer  and 
antelope  displayed  the  greatest  overlap  (Table  3).  These  2  animals 
both  relied  heavily  on  forbs  and  browse  and  chose  similar  amounts  of 
several  major  use  species  (Table  1),  as  well  as  many  of  the  other 
plants  in  their  diets.  Nearly  half  of  the  annual  diet  overlap  for 
deer  and  antelope  came  from  3  shrub  species,  low  sagebrush, 
bitterbrush,  and  big  sagebrush.  Because  of  the  high  degree  of 
similarity  between  deer  and  antelope  diets,  the  overlap  exhibited  by 
both  species  when  compared  to  the  other  3  ungulates  was  also  quite 
similar.  Deer  and  antelope  diets  each  overlapped  with  the  diet  of 
bighorn  sheep  by  nearly  50Z.  Most  of  the  plants  common  to  the  diets 
of  these  3  animals  were  forbs,  but  some  shrubs,  especially  low 
sagebrush,  were  also  used  in  common.  Deer  and  antelope  diets 
e^diibited  low  overlap  with  those  of  feral  horses  (11  and  10%, 
respectively) ,  and  only  slightly  greater  overlap  with  the  diets  of 
cattle  (16  and  12Z,  respectively).   Several  forb  species  contributed 
to  the  majority  of  the  overlap  in  these  4  cases. 

The  diets  of  bighorn  sheep  substantially  overlapped  with  all  of 
the  other  4  ungulates  (Table  3).  This  was  largely  due  to  the  great 
breadth  shown  by  bighorn  diets.  As  with  deer  and  antelope,  bighorn 
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Table  3.   Percent  overlap  of  annual  diets  for  5  ungulates  on  Sheldon 
National  Wildlife  Refuge,  1979-1980. 
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sheep  diets  overlapped  those  of  domestic  cattle  by  half  (52%).  Most 
of  the  overlap  between  the  diets  of  bighorn  and  cattle  was  in  the 
grass  forage  class,  although  several  forbs  also  contributed  to  some 
degree.  Bighorn  diets  overlapped  28Z  with  those  of  feral  horses, 
largely  in  the  grass  forage  class.  While  both  cattle  and  horses  ate  a 
large  proportion  of  grasses  (862  and  85%,  respectively),  several  of 
the  species  were  different.  The  resulting  annual  dietary  overlap  was 
43%,  and  the  species  responsible  for  nearly  half  of  this  overlap  was 
Thurber's  needlegrass  (20%). 

POTENTIAL  FOR  INTERSPECIFIC  COMPETITION 

The  amount  of  overlap  found  between  mule  deer  and  antelope 
indicated  a  large  potential  for  competition;  however,  these  2  animals 
generally  used  different  plant  communities,  thus  avoiding  much  of  the 
potential.  Additionally,  a  large  portion  of  the  diets  of  each 
consisted  of  very  abundant  shrubs,  a  forage  source  which  was  unlikely 
to  be  limiting  to  either.   Competition  by  sheep  and  either  deer  or 
antelope  for  shrub  and  grass  forage  classes  is  unlikely  due  to  the 
high  availability  of  shrubs,  and  the  low  use  of  grasses  by  deer  and 
antelope.  However,  bighorn  sheep  ate  similar  amounts  of  most  forbs 
which  deer  and  antelope  consumed.  Because  sheep  used  primarily  the 
fringes  of  areas  used  by  both  deer  and  antelope,  it  is  unlikely  heavy 
sheep  use  would  affect  the  overall  forage  resource  of  either;  but, 
heavy  use  by  either  deer  or  antelope  might  effect  the  forage  resource 
of  the  sheep. 

Little  potential  for  competition  was  found  for  cattle  and  horses 
with  either  deer  or  antelope  in  the  grass  or  brow;se  forage  classes. 


27 

since  cattle  and  horses  ate  virtually  no  browse  and  deer  and  antelope 
ate  very  little  grass.   Only  during  fall  and  spring  "green-up"  did 
grass  use  by  deer  and  antelope  become  significant.  However,  while 
only  a  small  proportion  of  either  the  cattle  or  horse  diets  consisted 
of  forbs  (11  and  12%,  respectively),  due  to  the  large  quantity  of 
forage  in  their  diets  (5  and  7.5  times,  respectively,  that  of  each 
wildlife  species),  the  quantity  of  forbs  removed  by  a  cow  or  horse  was 
equal  to  or  greater  than  that  removed  by  a  deer,  antelope,  or  sheep. 
Cattle  consumed  many  of  the  same  forbs  which  the  wildlife  species 
selected.  Half  of  the  forbs  eaten  by  horses  were  prairie  lupine 
plants  which  were  little  used  by  the  wildlife  species.   However, 
horses  were  on  the  open  range  year-round,  while  cattle  were  removed 
from  the  rangelands  between  November  and  April.  Thus,  the  quantity  of 
forbs  important  to  the  wildlife  species  which  were  removed  by  each  cow 
and  horse  were  probably  similar.   The  distribution  of  use  by  cattle 
and  horses  was  somewhat  different  though.   While  both  used  areas  near 
water  extensively,  horses  tended  to  also  use  areas  with  rougher 
terrain,  or  which  were  more  distant  from  water  sources. 

The  effect  of  cattle  and  horse  grazing  on  the  forbs  which  bighorn 
sheep  selected  was  very  similar  to  their  effect  on  the  forb  portions 
of  deer  and  antelope  diets.   However,  since  bighorn  diets  consisted  of 
a  large  proportion  of  grasses  as  well  (42%),  the  grazing  of  cattle  and 
horses  in  sheep  areas  would  affect  the  availability  of  both  major 
bighorn  forage  classes,  82%  of  their  diet.  While  cattle  primarily 
used  the  fringes  of  bighorn  ranges,  they  consumed  largely  the  same 
species  of  grasses;  and  while  horses  generally  consumed  the  coarser 
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grass  species,  they  moved  further  into  sheep  areas.  Thus,  a  serious 
potential  existed  for  competition  between  bighorn  sheep  and  both 
cattle  and  feral  horses. 

The  potential  for  competition  between  cattle  and  horses  was  great 
due  to  their  similar  preference  for  grass  and  forb  forage  classes; 
however,  the  tendency  for  horses  to  forage  farther  from  water  and  to 
take  several  species  which  cattle  did  not  use  heavily  reduced  this 
potential.   It  is  possible  that  horses  used  forage  away  from  water 
sources  as  a  result  of  competition  with  cattle  for  forage  near  water. 

CONCLUSIONS  AND  RECOMMENDATIONS 

Mule  deer,  pronghom  antelope  and  bighorn  sheep  selected  large 
quantities  of  forbs,  the  forage  class  which  was  generally  least 
available.  Due  both  to  large  forage  intake  per  animal  and  the  large 
number  of  animals  on  the  range,  domestic  cattle  and  feral  horses  also 
took  large  quantities  of  forbs,  even  though  the  proportion  relative  to 
their  whole  diet  was  low.  Forbs  probably  provide  an  important  protein 
source  to  all  5  ungulates,  especially  in  spring  when  reproductive 
activities  produce  high  protein  demands. 

Grasses  were  important  to  cattle  and  horses  year-round,  supplied 
energy  for  winter  maintenance  for  sheep,  and  supplied  both  energy  and 
protein  for  deer  and  antelope  during  fall  and  spring  green-up.  Little 
grass  was  available  in  most  lower  elevation  areas  and  in  well  watered 
areas  frequented  by  cattle.   Shrubs,  which  were  important  to  deer,  to 
antelope,  and  to  a  lesser  extent  sheep,  were  abundant  throughout  the 
area.   HeconmEndations  for  vegetation  management  on  SNWB.  include: 
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1.-  A  vegetation  manipulation  program  should  be  developed  for 
widespread  use  on  SNWR  to  produce  an  increase  in  both  native 
grasses  and  forbs.  This  program  should  employ  regular  prescribed 
burning  and/or  mechanical  treatments  to  reduce,  but  not  eliminate, 
shrubs.   Where  an  adequate  herbaceous  understory  is  absent, 
seeding  of  a  mixture  of  native  grasses  and  forbs  may  be  necessary. 

2.-  Grazing  by  cattle  and  horses  should  be  reduced,  to  promote  the 
return  of  forb  and  grass  forage  classes  particularly  in  bighorn 
areas  and  those  areas  used  by  deer  and  antelope  for  fawning  and 
wintering. 

3.-  Riparian  and  meadow  sites  are  areas  of  high  forb  and  grass 

production  and  are  important  to  all  animals  on  rangelands.   Thus, 
particular  attention  should  be  given  to  riparian  and  adjacent 
areas  to  arrest  stream  channel  erosion  and  control  over  grazing  in 
cattle  concentration  areas. 
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Appendix  A-1.   Relative  Jeiialty  of  plant  species  in  fecal  aaapleu  tsaa   mule  deer  on  Sheldon  NaClonal  Ulldltfe  Refuge.  Nevada.  1979  aiid  1980. 
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Arabia   ptiberula 
Artenlaia   ludovlclana 
Aeter  occldentaits 
Astragalus  ciirvlcarpus 
Astragalus   purslili 
Aatragaluu   app. 
Balsainoiblza  iiookerl 
Caralasonia   tanacetlfolla 
Caattlleja    cbromosa 
Cliacnactls   douglaail 
Ctrclno)  Mulgare 
CrypCantlia   clrcuiusclssa 
Cryptantha  bumllla 
Descuralnia   pinnata 
trlustruu  ullcoxll 
Krlgeroii   spp. 
Er logonum   caespltuaura 
BrIogoniiiQ  ovallfolituu 
ICrlugonum   umbel lattua 
Krodlum  clcutarlutn 
Cnpliorbla   spp. 
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Appendix  A-1.   Continued 


Speci  es 


1979 


1980 


July   Aug   Sep   Oct   Nov   Dec   Jan   Feb  Har  Apr   May   June 


Summer   Fall   Winter   Spring 


Z  of     X  of 

Forage   Annual 

Class    Diet 


Galium  iniiltlf lorum 

Gallutti   spp. 

Haplopappus   acauUs 

l.esquerella   klngli 

LlthoBperuiura  ruderale 

Luplnus   spp. 

Mentha  arvensls 

Mentzeiia  spp. 

Nlcotiana  spp. 

Oenothera  spp. 

Penaternon   humllls 

Penstenion   speciosua 

Penaternon   spp. 

Phlox  hoodil 

Phlox  spp. 

Phoenicaulla    chelranthoides 

Potentllia    rlvularls 

Ranunculus   cymbalarla 

Riimex   crlspus 

SenecJo   caitus 

Seneclo   spp. 

Sllene    scaposa 

Smllaclna   stellata 

SoUdago   spectabllis 

Trlfollum  wormskjoldli 


2 

2 

1 

2 

2 

3 
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T 
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T 
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1 

1 
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T 
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T 
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T 

3 

T 

T 

T 

1 

T 
T 
T 
T 

T 
T 
T 

T 

Total    Forbs 


50 


41        36       46       42       24 


31        23        25        44        53       55 


42 


44 


26 


50 


100 


39 


SMltdOS 


Ainelauchler  utahensis 

T 

1 

T 

T 

T 

T 

Artemisia  arbuscula 

14 

12 

15 

10 

13 

20 

15 

33 

28 

35 

20 

21 

13 

12 

24 

25 

39 

20 

Artemisia  trldentata 

5 

5 

a 

9 

6 

15 

11 

11 

9 

4 

2 

3 

6 

7 

11 

3 

15 

7 

Cercocarpus  ledlfolius 

7 

lU 

H 

5 

5 

14 

8 

5 

5 

1 

4 

2 

8 

5 

8 

2 

13 

6 

Chaniaebatlarla  aillllfoliura 

T 

T 

T 

T 

Crayla  splnosa 

1 

2 

6 

T 

2 

1 

T 

T 

T 

4 

1 

T 

2 

1 

llolodiscus  dumosus 

4 

1 

3 

T 

3 

3 

2 

2 

T 

2 

2 

1 

Prunus  vlrglniana 
Purshia  trldentata 

T 
10 

1 
23 

1 

17 

9 

6 

16 

8 

7 

8 

7 

3 

5 

1 
17 

7 

10 

5 

T 

20 

T 
10 

Rlbes  spp. 
Sallx  Bpp. 
Symphorlcarpos  spp. 
Tetradymla  caneacens 

1 
_2 

5 

11 

6 

4 

1 

2 
9 

4 

T 
T 

7 

T 
5 

T 
4 
2 

T 

T 
2 
1 
T 

Total    Shrubs 
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53        42 


36 


71 


56 


63        54        50        43 


38 


48 


39 


61 


44 
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50 


Unknown   Slirub  or    Forb 


A|i|>cnillx  A-2.      Relative   denulty  ol   plant    Bpecles   in   fecal   aaupleii   (ron  proiighoriB  antelope  on   Sheldon  National   Ulldllfe   Refuge,    Nevada,    1979   and 
1980. 


1979  1980  Z  of    X  of 

Forage   Annual 


FOKUS 


Spectea  July      Aug     Sep     Oct      Nov      Dec        Jan      Feb     Har      Ape     May      June  SuaoaeE'      Fall      Winter      Spring  Claaa        Diet 


GRASSES 

Agropyron  spp.  T  I  2  2  t  t 

Agroatla  exarata  T  i  X 

Uroiiiue  spp.  f  T 

Carex  ilouglaslt  2 

Carex  epp.  T  1  2 

Fescuca    Idahoenais  I  T  T  1  T  1  T  i  T 

Juncue   balticua  X 

Koelerla  nltlda  3         3  J 

Qryznpaiu   liyinunoldea  3  2  5  T 

Pou   nevadenaia  T  T  T  2 

Poa   app.  T  7  T 

Sitanlnn  hystrlx  T 

Stlpa   Churberlana  T  k  t 

Sll|>a   app.  T  I  T 

Uiikiioun   Graaaes  T  T  T  T  2  T  T 


T 

II 

t 
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t 

T 

t 
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T 

T 

T 

10 

T 

X 

19 

I 
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t 

T 

T 

T 

T 

T 
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T 
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T 

T 

T 

T 
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T 

Total  Graaaea  I  T  T  I  3  3  10        DO        20  6  3  2  i  2  1 II  4  iUO 


Achillea    lanuloaa 

6 

3 

T 

2 

T 

Arabia   cobrensla 

3 

1 

7 

9 

6 

4 

2 

4 

5 

Atteinlala   ludovlclana 

T 

6 

5 

5 

Aater  eatonll 

T 

Aater   occldentalla 

2 

4 

1 

2 

2 

Aster   scopuloriiiii 

T 

T 

Aater   app. 

T 

T 

T 

2 

AtitraHaliie   curvlcarpua 

2 

T 

2 

Aatragalua   purahil 

T 

Aatragalua   app. 

T 

2 

T 

Balaaiuorhlza  hookerl 

) 

1 

T 

4 

4 

4 

Balsainorfiiza  aaglctata 

8 

Balsautorhlza   serrata 

T 

2 

3 

2 

Balaainnrhlza    app. 

2 

T 

CamlHaonla    taiiacet  If  ulla 

T 

T 

T 

1 

T 

T 

Cuutllleia   chrumuaa 

2 

T 

T 

T 

8 

CaaCllleja   app. 

2 

1 

T 

Chacnuctla   doiif;lasll 

4 

CI  rulttiR  vulgare 
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T 
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T 
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Appendix   A-2.      Continued 


1979 

1980 

X 

of 

X  of 

Fni 

„ 

Annua  1 

t\l  1 1  Ilia  X- 

Species 

July 

Aug 

Sep 

Oct 

Nov 

Dec 

Jan 

Feb 

Mar 

Apr 

May 

June 

Summe  r 

Fall 

Winter 

Spring 

Class 

Diet 

Cryptantlia   humllis 

2 

3 

1 

2 

2 

2 

T 

Cryptantlia   spp. 

T 

T 

T 

T 

Erlastrum  ullcoxll 

T 

T 

T 

T 

Krigeron   spp. 

6 

4 

10 

7 

4 

3 

9 

4 

7 

20 

42 

18 

7 

6 

6 

27 

24 

11 

Erlogonum   caespltosiim 

3 

2 

5 

4 

2 

T 

3 

T 

3 

1 

Erlogonuiu  ovallfolium 

1 

1 

1 

2 

2 

T 

T 

T 

1 

T 

2 

T 

Krlogonura  spp. 

6 

1 

2 

2 

4 

4 

T 

4 

1 

3 

3 

I 

2 

5 

2 

Erodiiira  clcutarlura 

2 

T 

T 

T 

Oalluin  multlf lorura 

T 

3 

1 

3 

T 

2 

I 

T 

GllXa   spp. 

T 

T 

T 

T 

Ilaplopappus  acaiills 

4 

4 

2 

3 

T 

2 

3 

1 

1 

3 

1 

1 

4 

2 

l.eplditim   app. 

T 

2 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

Leptodactylon   pungena 

T 

T 

•f 

T 

Leoquerella   klngll 

4 

6 

8 

T 

5 

2 

T 

3 

2 

l.lthospernuira   ruderale 

1 

T 

^ 

T 

T 

1 

T 

T 

T 

T 

T 

Luplniie   lepldus 

T 

T 

T 

T 

Marrubliim  vulgare 

T 

T 

T 

T 

Mentha  arvensls 

T 

T 

T 

r 

T 

r 

Penstenon   spp. 

5 

3 

1 

2 

T 

T 

T 

3 

2 

T 

T 

2 

1 

Phacella   linearis 

2 

T 

X 

r 

I'liacella   spp. 

T 

T 

T 

T 

Phlox  hoodll 

8 

8 

3 

3 

1 

1 

T 

6 

2 

T 

T 

5 

2 

Phlox   spp. 

1 

T 

T 

T 

Phoenlcaulis   chelrantholdes 

3 

1 

1 

T 

3 

T 

2 

T 

1 

2 

T 

Polygonum   app. 

T 

T 

T 

T 

X 

Potentllla   rivularls 

A 

8 

2 

1 

T 

4 

T 

T 

3 

1 

Rumex   spp. 

T 

r 

2 

T 

T 

T 

T 

X 

Seneclo  canus 

T 

7 

9 

6 

6 

4 

2 

Senecio  spp. 

T 

2 

T 

T 

T 

T 

T 

X 

.Sinllaclna   stellata 

1 

T 

T 

X 

Solldago   spectabllls 

T 

T 

T 

X 

Zlgadenus   venenosua 



T 





_ 







T 



T 

X 
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SHRUBS 

Artemisia  arbuscula 
Artemisia   trldentata 
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Clirysothamnus   natiseosus 
Chryauthainnus    vlscldl  f  lorua 
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Appendix  A- 2.      CoitCJmied 


Speclca 


1979 


B980 


July      Aug      Hep     Oct:      Nov      bee        Jan      9eb     Har     Apr     Hay      June 


Summer     Fall     Winter      Spring 


Z  of    X  ol 

Forage   Annual 

Class   Diet 


Grayls  splnosa 

lIulOlllSCUB    duillOBUS 

Puraltla   trldentata 
Salix  app. 
SymplioricarpoB   app. 
'fetradynla   app. 

Total   Shrubs 

Unknoun   Shrub  or  Forb 


2 

5 

1 

I 

1 

T 

S 

i 

2 

2 

26 

28 

T 

35 

T 

IJ 

6 

1 

40         SO       56       50       58       57 

4  5         4         3         4         3 


38       45       31       53       27       41 
5         5         4         3         2         5 
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T 

30 
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Appendix  A-3.   Relative  density  of  plant  species  In  fecal  samples  from  bighorn  sheep  on  Sheldon  National  Wildlife  Refuge,  Nevada,  1979  and  1980. 


Species 


1979 


1980 


July   Aug   Sep   Oct   Nov   Dec   Jan   Feb  Mar   Apr   May   June 


SuaiDier   Fall   Winter   Spring 


Z  of  X  of 

Forage      Annual 

Class        Diet 


GRASSES 


Agropyron   spp. 
Agrostls   exaraCa 
ItromuB   spp. 
Carex  douglasll 
Carex  spp. 
Klyinus   cine  reus 
Elymus   tritJcoidea 
Eragrostls   spp. 
Festuca    idahoensjs 
llordeum   brachyantherura 
Juncus   baltlcus 
Junciis   drummondli 
Koelerla   nitlda 
Muhlenhergla  spp. 
Oryzopsia   hymenoldes 
Panicum  caplMare 
I'halarls   arundlnacea 
Poa   nevadensls 
Hoa   sandbergll 
Hltanlon   hyatrlx 
Stlpa    thurherlana 
Stlpa   spp. 
Unknown  Grasses 

Total  Grasses 


T 

2 

1 

T 

1 

3 

1 

1 

3 

2 

2 

2 

2 

3 

2 

2 

T 

T 

1 

1 

3 

T 

2 

2 

1 

3 

I 

1 

2 

3 

4 

2 

3 

3 

2 
T 

3 

T 
T 

T 

4 

15 

10 

20 

12 

11 

15 

10 

7 

2 

2 

3 

2 

3 

10 

7 

5 

2 

3 

T 

T 

1 

2 

' 

T 

1 

T 

2 

T 

2 

8 

T 

15 

7 
T 

9 

5 
T 

10 

T 

T 

2 

2 

1 

2 

4 
T 

6 

T 

4 
T 

6 

4 

12 

2 

2 

2 

T 

I 

2 

1 

T 

T 

2 

4 

1 

1 

I 

T 

1 

3 

2 

2 

I 

2 

T 

5 

6 

5 

4 

22 

7 

11 

11 

T 

12 

3 

T 

T 

T 

1 

2 

2 

2 

2 

3 

3 

2 

T 

T 

2 

2 

1 

2 

2 

T 

2 

2 

2 

3 

3 
T 

10 

16 

11 

2 

2 

6 

T 

T 

T 
T 

1 

11 

8 

T 

T 

T 

2 

5 

6 
T 

T 

T 

T 

1 

2 

1 

T 

2 

T 

T 

2 

2 

5 

13 

10 
T 

T 

2 

3 

6 
2 
4 
2 
T 
5 
T 
T 

21 
7 
1 
T 

12 
T 
8 
T 
T 
3 
2 
3 

18 
T 
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2 
T 
2 
1 
T 
2 
T 
T 
9 
3 
T 
T 
5 
T 
3 
T 
T 
I 
T 
1 
7 
T 
2 


15 


37        36        59       80       59 


68        57 


62 


18 


29 


70 


62 


11 


100 


42 


FORliS 


Achillea   lanulosa 
Amalnckla    teasellata 
Arabia    cobrensls 
Arable    puberula 
Artemisia   ludovlclana 
Aster  occidentalls 
Aster   Bcopulorum 
Astragalus   curvlcarpus 
Astragalus  inalacus 
Astragalus   obscurus 
Astragalus    purahli 
Ualsamorhlza    Itoukcri 
nalsamorhiza   serrata 
Caiulssonla   tanacetl folia 


T 

T 

T 

T 

T 

T 
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T 
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T 
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T 
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3 
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T 

T 

5 
T 
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3 
T 
T 

1 
T 
T 
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2 

T 

3 

1 

4 

8 

2 

1 

4 

5 

2 

9 

4 

3 

T 

2 

3 

2 

T 

T 
2 

2 
2 
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2 

5 
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Appendix   A-3>      Continued 


19?9 


1980 


Speclea 


July      Aug      Sep      Oct      Nov      Dec        Jan      Feb     Mar      Apr     Hay      June 


Summer      l^uli      UlnCes:      Spring 


Castilleja   clirorausa 
CImenactte   douglaalt 
Ciraliin  vulgare 
Crept a   amdonenuls 
Crypianlha  ttuullla 
Deacuruliile   plnnata 
Draka  dauglaati 
i^rlaulruin  ullcoxit 
Or i Karon  app. 
Erlogonua  caeapltoauu 
Eriogonum  ovallfollun 
Erlogonum   iimbellatuu 
Grodl«i[B  cicutarliua 
Eiiputoriiiffi  occldentale 
nullura  niult  if  lorum 
Guiiia  inacropliyllun 
llaplopappue   acaulla 
llaplopappua   aCenopliyllus 
Lappula   redowskll 
Ueaquerulla   klngli 
I.ithoapenuiiui   ruderale 
l.iiplnue   argenieua 
Lupiiiua    lepldiia 
Machaeraiililiera  caneacens 
Mentha  arvenale 
Mertenala  oblonglfolla 
Hicroaterla   gracilla 
fenatenion  huullle 
Penatemoii  apecloaua 
Pcnateinon  app. 
I'hacella    linearla 
i'lilox  iioodi  t 

rhoenlcaulta   clielranclioldea 
Flectritua  nacrucera 
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Appendix   A-3-       Continued 
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Appendix  A-l.   Continued 
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Appendix  A-5,   Relative  denatcy  of  plant  apeclee  in  fecal  aaniplea  fron  lerai  horses  on  Sheldon  National  Ulldllfe  Refuge,  Nevada,  1979  and  1980. 
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Appendix  B.   Dietary  breadth  of  mule  deer,  pronghorn  antelope,  bighorn  aheep,  domestic  cattle,  and  feral  horses 
on  Sheldon  National  Wildlife  Refuge ,  Nevada,  1979  and  1980. 
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Appendix  C.     Similarity  of  dleta  of  nule  deer,  proo^om  antelope,  blgliom  sheep,  doroestlc  cattOe  and  feral  horses  on 
Slieldm  tfatlonal  WildUfe  Eefige,  Nevada,   1979  and  198a 
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